Volcanism in three Pacifi c Ocean hotspot tracks, Hawaii, Samoa, and the Marquesas Islands, has been shown to be organized into two geographically distinct, subparallel trends. On all three tracks, the pairs of volcanic trends are geochemically distinct, with magmas from the southern trend possessing an enriched isotopic signature (e.g., lower 143 
INTRODUCTION
Wilson (1963) was the fi rst to propose that the Hawaiian Islands and other age-progressive linear island chains resulted from the movement of Earth's rigid crust over relatively fi xed melting anomalies, called hotspots, in the Earth's interior. Morgan (1971) proposed that plumes of thermally buoyant rock that rise from the thermal boundary layer at the core-mantle boundary and undergo adiabatic decompression melting at shallow depths, were responsible for these melting anomalies. Mantle plumes provide a cogent explanation for many of the most prominent examples of hotspot volcanism, including Hawaii and Samoa (e.g., Courtillot et al. It has long been recognized that magmatism in the Hawaiian Islands is organized into two geographically distinct, subparallel groups of volcanoes (Jackson et al., 1972) . More recently, it has been shown that these two groups are geochemically, as well as geographically, distinct (e.g., Abouchami et al. 2011) suggested that the southern trend at each location is enriched relative to the northern trend because it preferentially samples isotopically enriched mantle from the DUPAL belt located to the south. Here we report on a fourth Pacifi c hotspot track, that of the Society Islands, which exhibits both parallel volcanic chains ( Fig. 1; Fig. DR1 in the GSA Data Repository 1 ) and systematic geochemical differences between volcanic trends.
ASSIGNING THE SOCIETY ISLANDS VOLCANOES TO THE ROCA AND MOUA TRENDS
The geochemical data set from the Society Islands hotspot used here was accessed from the GEOROC database (georoc.mpch-mainz.gwdg .de/georoc) in the summer of 2011 (Table DR1  in (Fig. 2) . However, two samples from Tahiti (T85-44 and  TH-66; see Table DR1 ), a southern trend island, plot within the fi eld defi ned by northern trend *E-mail: jacksonm@bu.edu. Pb spaces. In summary, while there are exceptions, there is a reasonably good isotopic separation between northern and southern trend volcanoes.
While Moorea is geographically within the southern trend, three of the lavas (samples USNM101159, 93MO-4, and 73-233; see Table DR1 ) from this island intermingle geochemically with northern trend volcanoes in most isotope spaces ( Fig. 2; Fig. DR2 ). White and Duncan (1996) Nd isotope space. We note that all three of these lavas are mugearites, and have therefore undergone extensive fractional assimilation. We suggest that the relatively enriched isotopic compositions of these lavas is likely the result of assimilation of material within the oceanic crust, as all three lavas trend toward the altered Pacifi c oceanic crustal compositions identifi ed in Hauff et al. (2003) (Fig. DR3) . For this reason, we show the three Moorea mugearites separately in all fi gures ( Fig. 2; Figs. DR2 and DR3). We note that the least evolved, and likely least contaminated, Moorea lavas plot geochemically in the southern trends, as expected given the geographic location of Moorea within the Moua (southern) group.
It is not possible to assign a Roca or Moua pedigree to all of the volcanoes in the Society Islands hotspot, either for reasons of geographical placement (between the two distinct trends) or because of insuffi cient geochemical data. For example, Bora Bora plots in the region of overlap between the two trends in isotope space, and no clear assignment (northern or southern trend) can be made for this island. The indeterminate isotopic signature of this island might be explained by the geographic ambiguity, as this island is located in the region between the two distinct dual-trend volcanic trends (Fig. 1) . Bora Bora is located near the eastern extreme of the Society Islands, and it is possible that, as in Hawaii, the dual trends in the Society Islands eventually merge. In Hawaii, the Loa and Kea trends appear to merge on the islands of west Molokai or Kauai, ~300-550 km downstream from the active end of the hotspot track, Loihi Seamount (Abouchami et al., 2005; Weis et al., 2011). In the Society Islands, Bora Bora is located ~400 km downstream of the youngest island, Mehetia. Therefore it seems reasonable that, like Hawaii, Nd ratios can be used to provide a preliminary trend assessment, and suggest that Raiatea has geochemical signatures similar to southern trend volcanoes (Fig. DR4 ). This is consistent with the observation that Raiatea is slightly offset to the southern side of the Society Islands archipelago. Several other islands and seamounts have no isotopic data, including Tetiaroa, Tupai, and Turoi, but all three locations are substantially north of the Roca-Moua divide. On this geographic basis, we would expect basalts from these locations to exhibit Roca (northern) trend geochemical signatures.
DISCUSSION
As in Hawaii, Samoa, and the Marquesas Islands, volcanism on the Society Islands hotspot track is organized into two subparallel groups of volcanoes that erupt isotopically distinct magmas. However, in the Society Islands the geographic trend of isotopic enrichment is reversed relative to that of the other three hotspot tracks. In particular, magmas erupted from the Roca (northern) trend are isotopically enriched (lower (Fig. 3) , which is thought to indicate the presence of dense, compositionally distinct material at the base of the mantle (Burke et al., 2008). This hypothesis is complemented by recent geodynamic models that demonstrate that the distribution of large-scale heterogeneities within the thermal boundary layer will produce characteristic patterns of heterogeneity within the conduit of the plume (Farnetani and Hofmann, 2009, 2010) that might be resolved by dual-trend volcanism in the hotspot tracks. Of particular relevance, the azimuthal distribution of heterogeneity about the base of the plume conduit will be preserved within the conduit. Consequently, a plume located directly on the boundary between large-scale heterogeneities in the thermal boundary layer should preserve that boundary within the conduit ( G 33273 2nd pages seismic velocity (Fig. 3) , and has precisely this gradient in isotopic enrichment (i.e., depleted to the south, enriched to the north), in agreement with the models of Huang et al. (2011) and Weis et al. (2011) . If the seismic low velocity zone corresponds with the DUPAL anomaly, there is the potential to map out the location of this geochemically and seismically anomalous deep-mantle feature using multiple, geographically dispersed dualchain hotspots. If we use the enrichment pattern in dual-trend volcanism to constrain the distribution of the DUPAL belt, then the center of the seismochemical DUPAL anomaly is located to the north of the Society Islands plume. While geochemical hotspot data alone cannot provide the basis for detailed maps of the seismochemical anomaly beneath the Pacifi c, they may provide an additional constraint that, together with seismic models, can be used to describe the location of the center of this anomalous region at the base of the mantle. Given the south-side enrichment in Hawaii and the Marquesas Islands, and the north-side enrichment in the Society Islands, we infer that the region of most intense mantle enrichment is north of the Society Islands plume conduit, and south of the Hawaiian and Marquesan conduit. Of course, this presumes that the surface manifestations of these three hotspots are not too far offset geographically from their respective plume origins. If so, the next generation of higher resolution seismic models can be used to test the hypothesis that the distribution of enrichment in dual-trend volcanoes can provide a self-consistent description of the seismochemical geometry in the deep mantle.
The correlation between low seismic velocities at the base of the mantle and the spatial pattern of isotopic enrichment at hotspots suggests that mantle plumes originate in the lowermost mantle. Spatial patterns in isotopic enrichment at other Pacifi c hotspots such as the Galapagos Islands (e.g., Hoernle et al., 2000) may provide additional tests of this hypothesis. We would expect similar patterns from hotspots located along the boundary of the African LLSVP.
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We However, to facilitate examination of the geochemical data at each hotspot, the data for each of the four hotspots are shown separately in the four small panels. Bora Bora lavas plot geographically and geochemically between the two Societies trends and are shown with grey squares (i.e., they are not assigned to one of the two trends). Rejuvenated lavas are excluded from this study, but are shown as grey triangles.
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We consider several highly evolved lavas (mugearites) from Moorea to have experienced crustal contamination (see Figure DR3 ), and these three lavas are plotted as grey circles in the figure. Pb/ 204 Pb in the basaltic portions of drill cores from sites 1149 and 801 in the ODP Leg 185, and assimilation is therefore a concern in the Moorea mugearites. While we do not provide a specific assimilation model here, the geochemical diversity identified in the altered oceanic crust (AOC) and sediments by Hauff et al. (2003) permit a host of assimilation scenarios (i.e., magmatic assimilation of both AOC and sediments) that may explain the unusual geochemistry of the Moorea mugearites. The geochemical trends in the Societies lavas, together with the enormous isotopic diversity in altered oceanic crust and sediments, are consistent with assimilation of crustal materials in the most evolved lavas from Moorea. Northern Trend Southern Trend Figure DR4 . The Ba/Nb ratio can also be used to geochemically resolve the two volcanic trends. Societies lvas with high Ba/Nb ratios are often associated with geochemical and isotopic enrichment. Samples from the geochemically-enriched northern islands tend to have higher Ba/Nb and lower 143 Nd/ 144 Nd than the southern trend volcanoes. Lavas with MgO < 4.0 wt.% were excluded, as trace phases that occur in highly evolved lavas can fractionate Ba/Nb ratios. Where Pb-isotopic data is absent (e.g., Raiatea), this plot can be used to evaluate whether a volcano has northern or southern trend geochemical affinities. In the absence of a complete isotopic dataset for Raiatea, a southern trend island, paired Ba/Nb and 143 Nd/ 144 Nd data suggest that this island exhibits geochemical affinities with other southern trend volcanoes. 
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